INTRODUCTION
Hyperbaric oxygen therapy (HBOT) treatment is a procedure performed inside a pressurised chamber (the Hyperbaric Chamber). The patient is placed inside the chamber and the internal pressure is increased to a specific treatment level above 1 absolute atmospheric pressure The patient breathes 100% oxygen for the duration of the treatment.
While most commonly associated with diving-related conditions, HBOT is also an effective treatment in a number of non-diving related conditions such as delayed radiation injury (soft tissue and bone necrosis) and arterial insufficiencies. In Thailand, HBOT is becoming an increasingly common method of treatment for such conditions.
The hyperbaric chamber can be categorised in two types, the monoplace hyperbaric chamber and the multiplace hyperbaric chamber. With the multiplace hyperbaric chamber, a hyperbaric inside attendant (HIA) is stationed inside the chamber to provide medical care for patients and take action in case of emergencies during treatment.
Although the HIA is inside the hyperbaric chamber, they do not breathe 100% oxygen like the patients. They breathe the pressurised air within the chamber and therefore have the potential to experience decompression sickness and the associated harmful effects that can have on the various organs and systems of the body. Exposure to the hyperbaric environment also challenges pulmonary function beyond normal physiology. HIAs are exposed to an increased partial pressure of oxygen and the risk of gas microemboli forming during their session in the hyperbaric chamber. High oxygen partial pressure exposure may increase the oxidative stress, inducing inflammatory processes within the respiratory system [1] . During decompression, gas microemboli released from nitrogen saturated tissues are transferred to the lungs to be eliminated by exhalation. These microemboli can cause pulmonary microvasculature inflammation, gas exchange impairment and transient pulmonary hypertension [2, 3] . During breathing compressed air in the hyperbaric environment, the effort of breathing and airway resistance will increase, while lung compliance will decrease. These may affect the respiratory function, especially airway function [4, 5] . Airway obstruction is a relative contraindication for working in pressurised environments because pulmonary over inflation syndrome caused by pulmonary barotrauma is a serious, potentially fatal condition if it occurs during decompression. Therefore, healthy pulmonary function is one of the important elements for HIAs to be declared fit for duty.
In Thailand, Navy divers and HIAs are required to have pre-placement and annual periodic examinations, which include spirometry to detect any abnormality in lung function, in order to ensure that they are fit to work. Currently, there is only one study on lung function change in HIAs [6] and a few studies involving commercial divers [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , all with inconclusive patterns of lung function change in these populations. This study aims to investigate longitudinal change on lung function in HIAs in Thailand from the outset of their careers until present day, and with relation to hyperbaric exposure.
MATERIALS AND METHODS
This is a retrospective longitudinal study on lung function change in HIAs. The total number of HIAs who had worked in facilities with multiplace hyperbaric chambers in public hospitals in Thailand is 63. The inclusion criteria were HIAs who were at least 20 years old at the start of their careers, had a minimum of 1-year practical experience as an HIA and who had a pre-placement Pulmonary Function Test (PFT), as well as at least one follow up PFT performed at least 12 months later. HIAs meeting these criteria were eligible for inclusion regardless of whether they were still actively working, were no longer employed as HIAs or were retired.
Spirometric data, age and height from each examination were collected from the medical records of HIAs who attended for pre-service and annual medical examinations. The data collection range covered the period from beginning their career as an HIA up until June 30, 2018. Data was collected at the assigned medical centre consisting of the Underwater and Aviation Medicine Division, Naval Medical Department, the Underwater and Aviation Medicine Division, Abhakornkiatiwong Hospital and the Vachiraphuket Hospital.
The HIAs' age and height were recorded, and spirometry was performed at the medical centres. HIAs were required to have a pre-service examination and an annual medical assessment to be declared "fit to work" in a hyperbaric chamber. Pre-service spirometry was collected as a baseline value. Annual spirometry was recorded in the record form. Spirometry was performed according to standard operating procedure by certified technicians. The spirometer was regularly calibrated before use, in accordance with the manufacturers' recommendations.
Hyperbaric inside attendants completed an anonymous questionnaire providing their information at the date of answering the questionnaire on current workplace, age, height, weight, smoking history, medical history, underwater activities (recreational diving and operational diving history) and work experience in hyperbaric chambers (total years of working, total number of working, average working depth, maximum working depth, average session duration and total hours of working).
The following lung function parameters were measured: forced vital capacity (FVC, mL), forced expiratory volume in 1 second (FEV 1 , mL) and forced expiratory flow at 25-75% of FVC (FEF 25-75% , mL/s). The FEV 1 /FVC ratio (FEV 1 %) was calculated. All values were adjusted to the percentage of predicted values based on the Dejsomrirutai's reference spirometric values for healthy lifetime nonsmokers in Thailand [22] except FEV 1 % was not expressed as percentages.
STATISTICAL ANALySIS
Data analysis was performed using STATA version 15 
RESULTS
Fifty-one HIAs (81%) satisfied the inclusion criteria ( Fig. 1 ). Eight subjects who had no available pre-service lung function test, 1 who worked less than 1 year and 3 subjects who had at least 2 follow-ups but less than 1-year interval from baseline were not included in the study. Forty-four (86.27%) subjects were male. At the initial pre-service examination, the mean (SD) age was 30.86 (4.78) years. The mean (SD) follow-up time was 9.26 (5.78) years. The minimum follow-up time was 1.5 year and the maximum follow-up time was 23.3 years. The mean (SD) number of follow-ups was 8.06 (3.82) .
At the date of answering the questionnaire, the HIAs had a mean (SD) height of 169.39 (6.16) cm, a mean (SD) weight of 67.85 (8.67) kg and a mean (SD) body mass index of 23.63 (2.29) kg/cm 2 . Thirty-three (66%) were non-smokers, 8 (16%) were previous smokers and 9 (18%) were current smokers. Only 10 (20%) had previous medical illness including hypertension, dyslipidaemia, atrial fibrillation, central nervous system lymphoma, gout, polycythaemia, dry eye, glaucoma and allergic rhinitis. None of the subjects had chronic lung diseases or history of chest or upper abdomen surgery.
There were 33 (68.75%) HIAs who had operational diving history and 45 (90%) had recreational diving experience with a median (IQR) of 13 (11.5, 2-1,000) total number of recreational dives. An average (SD) diving depth was 59.09 (25.06) feet sea water (fsw). The mean (SD) maximum depth was 93.09 (31.96) fsw.
While working in multiplace hyperbaric facilities, HIAs had an average 10.08 years of working in total (SD 6.31). The median (IQR) number of sessions was 300 (395). They accumulated a median of 500 working hours in multiplace hyperbaric chambers (IQR 570). The mean (SD) of working hours in each session was 1.70 (0.34) hours. Forty-seven (95.92%) subjects had an average working depth at 45 fsw, while only 2 (4.08%) had an average working depth at 60 fsw. There were 27 (56.25%), 12 (25%) and 7 (14.58%) HIAs who had the maximum working depth at 165, 112 and 60 fsw, respectively. The other 2 (4.16%) subjects had a maximum working depth at 45 and 120 fsw. The demographic data and working history in multiplace hyperbaric chambers are shown in Table 1 .
The baseline lung function parameters of HIAs are show in Table 2 . At the baseline, the mean (SD) actual FEV 1 was 3,747.45 (666.17) mL, mean (SD) actual FVC was 4,373.53 (814.67) mL, mean (SD) absolute FEF 25-75% was 4287.50 (1190.81) mL/s and mean (SD) FEV 1 % was 86.06% (6.05). When expressed as a percentage of predicted, the mean (SD) FEV 1 was 110.38 (13.68) % of predicted, mean (SD) FVC was 108.22 (13.99) % of predicted and mean (SD) FEF 25-75% was 100.17 (24.29) % of predicted.
Annual changes in lung function parameters are shown in Table 3 . The change of actual lung function parameters after adjusting for sex, pre-service age, height and smoking history showed that FEV 1 , FEF 25-25% and FEV 1 % significantly decreased over time, while there was no significant change in FVC. However, the comparison of actual lung function change in HIAs and the predicted values showed that there was a different change in FVC, FEF 25-75% and FEV 1 %, while there was no difference in the reduction in FEV 1 over time. The annual reduction over time in FEV 1 in the HIAs group There were only three hyperbaric exposures associating with lung function change over time consisting of average working depth, average session duration and total hours of working in hyperbaric chamber. The total number of working hours was also correlated with lung function change over time, but there was statistical collinearity with total hours of working, so the total hour of working was used for calculation in the model. There was a significant positive relationship between the change in actual FEV 1 and average working depth. Total hours of working were significantly positively correlated with a change in FEV 1 %. However, changes in actual FVC and percentage of predicted FVC were negatively correlated with total hours of working. The change in percentage of predicted FEV 1 was a significant positive relationship with average working depth and a negative relationship with average session duration. However, there was no hyperbaric exposure associated with change in actual FEF 25-75% and percentage of predicted FEF 25-75% . 
DISCUSSION
This is a study exploring adverse long-term effects on the lung in hyperbaric chamber inside attendants. During hyperbaric oxygen therapy, hyperbaric chamber inside attendant have to stay under the same pressure as patients. However, while patients breathe 100% oxygen, HIAs breathe pressurised air for almost the entire session, an experience similar to that of scuba divers breathing from a cylinder compressed air. HIAs are exposed to the hyperbaric environment as long as they remain active in the field of HBOT, while patient treatments number in the range of 40-50 sessions. So, the discussion on results is limited to comparing with studies on hyperbaric inside attendants and commercial divers who breathe pressurised air during the course of their work.
The first point of interest relates to the value of the baseline of FVC. The percentage of predicted FVC in this study was 108.22%. Base on this data, we could infer that HIAs have larger lung than predicted. This finding is similar to other studies indicating that divers have a larger lung capacity than the normal population [7, [9] [10] [11] [12] 16] . In addition, this result supports the idea that larger lung capacity in hyperbaric exposed workers is part of natural selection because our subjects had larger lung capacities since starting their career. Similarly, the study of Adir et al. [15] showed that there was no different in FVC between experienced and inexperienced divers with high lung capacity. In the same way, a study carried out by Skogstad et al. [12] showed there was no significant difference in vital capacity between diving students who had previous diving experiences and those who didn't. Both subgroups had more than 100% of predicted FVC at baseline.
Only one study about pulmonary function in inside attendants was a cohort study of Ozdemir et al. [6] It was a study of lung function over 1 year of 11 inside attendants compared with a matched control group of 15. They found that FEV 1 %, percentage of predicted FEV 1 and FEF 25-75% in HIAs significantly declined in 2.3%, 3.7% and 6.9% over a year, respectively. However, there was no difference when compared with the control group. This study believed that shallow diving depth in the HIAs group is the reason why there was no difference from the control group. This contrasted with the findings in our study. We showed that there was no change in percentage of predicted for FEV 1 , FVC and FEF 25-75% but there was a significant decrease of 0.48% per year of FEV 1 %. Additionally, there were significant differences in changes of actual FVC, FEF 25-75% and FEV 1 %, when we compared actual lung function changes in HIAs and the predicted values. A reason that changes in the percentage of predicted values for FEV 1 , FEF 25-75% and FEV 1 % were different from our study may be a fewer average number of sessions in our study. The average number of sessions in our study was 29.76 per year while the average in this study was 71.5 sessions per year. Another possible reason may be the relatively small number of inside attendants in this study resulted in higher variance in the pattern of lung function change. However, shallow diving depth might not be the main reason because average depths in both studies were similar.
In this study, there was no change in FVC over time (non-significant 8.81 mL per year reduction). Some studies supported our results that there was no change in FVC over time [12, 20] . However, a decrease in FVC among divers has been reported previously [8-10, 13, 17] , with only two studies reporting FVC increase [14, 21] . Voortman et al. [21] analysed pulmonary function in 1,260 navy divers and found an increase in inspiratory vital capacity around 73 mL/year. It could be concluded that an increase in vital capacity was due to diving and training. Even if there was no increase in vital capacity in our study, there was still no decrease over time while the predicted value significantly decreased. Our hypothesis was that HIAs had adapted to hyperbaric exposure, but this effect was not strong enough to defeat natural deterioration due to the effects of aging. This is a reason why there was no change in FVC overtime but there was a difference in the change of FVC between HIAs and predicted values. In contrast with the study of Skogstad et al. [13] , there was a greater reduction in FVC in divers than the control group. When expressed as a percentage of predicted, there was no significant reduction in FVC. The result was similar to the study of Ozdemir et al. [6] as mentioned above. Almost all studies in divers found that the percentage of predicted FVC declined [9, 19] whereas Chong et al. [18] reported that percentage of predicted FVC in 116 Navy divers significantly increased over 5 years.
A change in FEV 1 in HIAs was similar to other studies in commercial divers [9, 10, 12, 13, 16, 17] . Previous studies, such as those of Tetzlaff et al. [16] and Skogstad et al. [13] that had control groups in their studies, showed the different results in comparison of FEV 1 change. A longitudinal cohort study of Skogstad et al. [13] found that there was a significant difference in change of FEV 1 over a 6 years follow-up period between 77 commercial divers and 64 non-smoking and non-diving policemen. FEV 1 in divers showed a greater reduction than the control group. This was in contrast to Tetzlaff et al. [16] and our study. In our study, there was no difference in FEV 1 reduction in HIAs from predicted value. The results were similar to Tetzlaff et al. [16] study that found decline of FEV 1 after 5 years observation in 468 male military scuba divers was no difference from decline of FEV 1 in 122 submariner. However, the pattern of change in the percentage of predicted FEV 1 couldn't be concluded in divers to be the same as with inside attendants. In our study, there was no change in percentage of predicted in FEV 1 but there was significant reduction in percentage of predicted in FEV 1 in the previous study in inside attendant [6] . The studies in divers reported either no change [9] , increase [18] or decrease [9, 19] in percentage of predicted in FEV 1 . Even if it was in the same study, it may show different results of reduction in FEV 1 such as a study reported by Watt [9] which observed two group of commercial divers. Although a group of 224 commercial divers that was observed for a 3-4 year period showed a reduction of actual FEV 1 but no change in percentage predicted of FEV 1 , a group of 123 commercial divers that was observed for over 5 years showed both decline of actual FEV 1 and percentage predicted of FEV 1 .
The HIAs also showed a loss in FEF 25-75% over time without any association to hyperbaric exposure factors. Normally, change in mid forced expiratory flow varied according to vital capacity so FEF 25-75% was not included in the criteria to be declared fit to dive. So many studies did not observe this value in their studies. However, the studies that reported FEF 25-75% as a parameter found a decline of FEF 25-75% in every study [10, 12, 13, 17, 21] . We compared change of FEF 25-75% in HIAs and predicted values. We found that there was a greater decrease in HIAs than the predicted values. By contrast, Skogstad et al. [13] reported that no difference in decline between divers and the control group. Focusing on percentage of predicted, there was also no change in FEF 25-75% as other parameters.
A reduction in FEV 1 /FVC percentage (FEV 1 %) was one of the concerns when deciding fitness for work in a hyperbaric environment because low FEV 1 % indicated airway obstruction that may be a risk for pulmonary barotrauma during the decompression process. Our study showed a significant decrease in FEV 1 % over time. Most previous studies also reported FEV 1 % reduction over time in divers, even if there were different patterns of change in FEV 1 or FVC [6, 10, 18, 20, 21] . Change in FEV 1 % in HIAs was more reduced than the predicted value. It may indicate that HIAs had more risk of airway obstruction than the normal population. We considered that reduction of FEV 1 % was due to the higher density of breathing gas. At depth, the density of pressurized air is higher than breathing gas at surface pressure. This high gas density may increase resistance in the airways causing a decline in FEV 1 %. However, there was a term of "pulmonary dysanapsis" in divers [23] . It was a disproportionate growth of FEV 1 and vital capacity. This study reported that divers who had a normal FEV 1 with a disproportionately large lung capacity had a reduction in FEV 1 /FVC ratio. It seems that our study reported that the rate of reduction in FEV 1 was the same as the predicted values while FVC in HIAs did not decrease the same as the normal population. Besides declaring fitness to work in divers and HIAs, diving officers or physicians should observe the trend in changes of these lung function parameters especially FEV 1 %.
In previous study, total number of dives, average diving depth and maximal diving depth were important factors associated with change in lung function parameters [6, 8, 13, 14, 17] . There were three factors in our study that correlated with lung function change consisting of average working depth, average session duration and total working hours. These were similar to the previous studies of Ozdemir et al. [6] and Skogstad et al. [13, 17] who reported that the total number of sessions or number of dives was associated with the reduction of FEF 25% , FEF 75% and FEF 25-75% . In contrast with our study, there was no association between FEF 25-75% and any hyperbaric exposure. We found that total working hour was associated with change of FVC, percentage predicted of FVC and FEV 1 %. Similarly, previous studies in commercial divers showed that the total number of dives was related to changes in FEV 1 % [20] and cumulative diving hours was related to changes in FEV 1 and FVC [14] . We also found that average working depth was associated with change in FEV 1 and percentage predicted of FEV 1 . The study of Davey et al. [8] was the only study in commercial divers which reported that maximal depth was related to changes in FVC. In addition, this is the first study that showed that average session duration was correlated with percentage predicted of FEV 1 .
LIMITATIONS Of THE STUDy
There are certain limitations to our study. Firstly, lung function parameters in this study are secondary data from medical records. Even with the use of standard operating Peachapong Poolpol et al., Lung function change in hyperbaric chamber inside attendants procedures by certified technicians and calibration of spirometers, the quality of lung function test results may vary by medical centres. Secondly, the history of hyperbaric exposure in inside attendants was not documented each year. We collected these data at the date of answering the questionnaire. As a result, recall bias and information bias may be presented in this study.
CONCLUSIONS
In conclusion, the results indicate that working in a hyperbaric environment affects the lung function of HIAs. Additional to fitness to work implementation, periodic lung function evaluation should be encouraged to monitor further possible harm to the attendants, especially a change of FEV 1 %.
